Aims/hypothesis Cerebrovascular disease may be causal or a vulnerability factor in late-onset depression and may explain the high rate of depression in older adults with diabetes. We explored a wide range of potential explanatory variables of depression in a longitudinal study of older diabetic subjects to investigate the vascular depression hypothesis in these patients. Methods We recruited 207 subjects with diabetes selected for potential cognitive deficits from an existing observational cohort study (average age 75.7±4.6 years, 52.2% men) for an assessment of depression using a standardised diagnostic instrument (Cambridge Examination for Mental Disorders of the Elderly -Revised). All subjects underwent a detailed clinical assessment at baseline and at follow-up (after 7.5± 1.1 years). Results Major depression was present in 45 subjects (21.7%) and minor depression in ten (4.8%). A positive history of strokes and the presence of peripheral arterial disease were significantly associated with depression at the time of diagnosis. In a subsample of 93 cases who underwent structural neuroimaging, the presence of cerebral infarcts was also significantly associated with depression. Treatment with glucose-lowering therapy, higher serum cholesterol levels and difficulties with activities of daily living at baseline were significant predictors of depression at follow-up. Conclusions/interpretation A history of cerebrovascular disease was strongly associated with depression and cerebrovascular risk factors were significant predictors of depression in older diabetic patients. Our findings are consistent with the hypothesis that the excess risk of depression in older diabetic patients is related to underlying cerebrovascular disease.
Introduction
Many studies indicate that diabetic subjects are at greater risk of depression than non-diabetic individuals from the general population [1] [2] [3] . A meta-analysis of 42 studies concluded that the prevalence of comorbid depression in diabetic subjects was 11% when depression was assessed by diagnostic interview and 31% when assessed by selfreport questionnaire [3] . The combination of diabetes and depression in older subjects increased several-fold the likelihood of chronic complications [4] , disability [4] and death [4, 5] . Depression in diabetes occurs most commonly in middle or younger age [6] but there is evidence that the prevalence in older patients is higher than expected [7, 8] .
Potential causes of depression in chronic disease include psychosocial factors related to the burden of disease [9] and/or pathophysiological changes in neuroendocrine or immune function [10, 11] . In addition, late-life cerebrovascular disease may predispose to or precipitate depression [12] [13] [14] . Diabetes and hypertension, which are potent risk factors for cerebrovascular disease [15] , may also contribute to an increased risk of depression through vascular mechanisms. This so-called vascular depression has a distinctive clinical phenotype that includes onset in later life, characteristic phenomenological features, and greater disability and more severe cognitive impairment than depression without cerebrovascular disease [16] .
Most studies of depression in diabetes have used symptom inventories that tend to overdiagnose the condition in comparison with diagnostic interviews [3] and none has considered specific depression syndromes in older patients. This latter observation is important because, although major depression may be most strongly associated with clinical outcomes [17] , subsyndromal depressive disorders are common in old age [18] and may carry an adverse prognosis [19] .
We studied major and minor depression in a sample of older diabetic subjects from a well-categorised, longitudinal, observational study in order to determine whether cardiovascular risk factors and cerebrovascular disease were risk factors for depression and whether depression in older subjects with diabetes had the clinical features of vascular depression.
Subjects and methods

Subjects
The present sample was drawn from surviving, older participants in the Fremantle Diabetes Study (FDS). The FDS was a longitudinal, observational study of diabetic patients from a postcode-defined community of 120 097 people. Of 2258 diabetic patients identified between 1993 and 1996, 1426 (63%) were recruited to the FDS and 1294 (91%) had type 2 diabetes. Identification and recruitment methods, sample characteristics, including classification of diabetes and details of non-recruited patients, have been described elsewhere [20, 21] . 31 December 2002 , were invited to participate in a study of cognitive function. Of these, 302 subjects (51.4%) agreed to participate in the first stage of a two-stage cognitive assessment procedure (a cognitive screen that is described below) and 207 subjects underwent the second stage, a detailed cognitive assessment that included an assessment of depression (see Fig. 1 plus a sample of subjects (n=34) randomly selected from the remainder to provide information on subjects at low risk of cognitive deficits (Fig. 1) . This sample represents an enriched sample for possible vascular depression, as cognitive deficits in diabetes are likely to have a cerebrovascular basis [22] . The study protocol was approved by the Human Rights Committee, Fremantle Hospital, and all subjects gave written informed consent.
Clinical and laboratory methods
Baseline assessment (1993) (1994) (1995) (1996) At baseline a comprehensive history of diabetes and comorbid conditions was taken, a physical examination was performed and the patients provided fasting blood and urine samples for standard biochemical tests, including serum glucose, HbA 1c , serum lipoproteins and albumin : creatinine ratio (ACR) [20] [21] [22] [23] . Complications were identified using standard definitions. Peripheral sensory neuropathy was defined as a score of >2/8 on the clinical portion of the Michigan Neuropathy Screening Instrument [24] . A subject was defined as having retinopathy if any grade of retinopathy, including maculopathy, was detected by direct and/or indirect ophthalmoscopy in one or both eyes and/or more detailed assessment by an ophthalmologist. Nephropathy was defined as ACR ≥3.0 mg/mmol in an early morning urine sample [25] . Selfreported stroke and transient ischaemic attack were amalgamated with prior hospitalisations for these conditions to define baseline cerebrovascular disease (CVD) status. Patients were classified as having CHD if there was a self-reported history of, or hospitalisation for, myocardial infarction, angina, coronary artery bypass grafting, angioplasty and/or definite myocardial infarction on Minnesotacoded ECG [23] . The ankle : brachial index (ABI) was obtained from brachial and ankle systolic blood pressures using Doppler detection, and peripheral arterial disease (PAD) was defined as an ABI ≤0.90 or the presence of a diabetes-related lower-extremity amputation [26] . Mobility impairment and activities of daily living (ADL) were assessed using the General Health Status questionnaire (GHS) [27] , which includes questions on general mobility (selection of one of six states) and ADL (washing, dressing, eating and using the toilet) [28] . In this report, the data were dichotomised to normal mobility vs any impairment and normal ability with any ADL vs any impairment.
Follow-up assessment (2001) (2002) At the follow-up assessment, the subjects underwent the same assessment of complications with the following differences: fundoscopy and ECGs were not performed and the GHS was not used. ADL was assessed using the modified Barthel index (MBI) supplemented by questions on the use of walking aids (dichotomised into no difficulty vs any difficulty with ADL and no use vs any use of a walking aid). The assessment was supplemented with a clinical examination carried out by experienced physicians (D.G.Bruce, R.C.Clarnette), which included a standardised neurological examination for evidence of CVD. This was refused by 26 subjects. In all cases hospital records were scrutinised for corroborative evidence, including results of previous brain imaging for CHD and CVD.
Cognitive screening procedure All subjects were assessed with the Mini Mental State Examination (MMSE) [29] and the Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE) [30] , and those with subjective memory complaints or who scored <28/30 on the MMSE or >3.31 on the IQCODE had a more comprehensive cognitive and mood assessment. Trained interpreters and appropriate versions of the MMSE (Italian, Croatian) were used when subjects were judged non-fluent in English.
Assessment of depression At baseline, depression was diagnosed based on the mood symptom inventory of the GHS. We had validated this diagnostic method previously in a comparable sample against standardised interviews using the Mini International Neuropsychiatric Interview and Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) criteria for major and minor depression [5, 28] At follow-up, a research psychologist administered the revised version of the Cambridge Examination for Mental Disorders of the Elderly -Revised (CAMDEX) [31] , a structured psychiatric interview for cognitive and mood disorders. The Italian language version of the CAMDEX was used in 34 non-fluent Italian speakers, administered by Italian-speaking psychologists [32] . The CAMDEX includes questions on depressed mood, loss of interest/pleasure, weight/appetite change, sleep disturbance, psychomotor retardation/agitation, fatigue, guilt, concentration and suicidal ideation and has high sensitivity, specificity and predictive values (over 90%) for diagnosing major depressive disorder in a community sample of elderly people [33] . Based on responses to the appropriate CAMDEX items, diagnosis of major and minor depression were made using DSM-IV criteria. All the information and subsequent diagnoses were reviewed by a psychiatrist with experience of depression in clinical disorders (S.E. Starkstein). Medications, including antidepressants, were recorded and patients reported whether they had ever been treated with antidepressants.
Cognitive assessment Dementia was diagnosed based on DSM-IV criteria. The cognitive test battery included the Cambridge Cognitive test (CAMCOG), the CAMCOG Executive test and the MMSE score (derived from CAMCOG questions). The Brief Visual Memory TestRevised assessed visual learning and memory, and delayed recall scores are presented [34] . The Wechsler Memory Scale, Third Edition Word Lists [35] tested verbal memory, and delayed recall scores are presented. Subtests of the Wechsler Adult Intelligence Scale -Revised, Third Edition [36] assessed working memory (Letter-Number Sequence test) and spatial perception/problem-solving (Block Design). Verbal fluency was tested using the Controlled Oral Word Association test [37] .
Radiological assessment Magnetic resonance (MR) brain scans were offered to 100 patients who screened positive and all 34 screen-negative patients who underwent detailed assessment (Fig. 1 ). Of these, 83 underwent standardised scans on a Siemens Vision 1.5 T scanner (Erlangen, Germany). A neuroradiologist (F.J. Ives) read them in blinded fashion for cerebral ischaemic infarcts, defined as focal hyperintensities on T 2 -weighted images 3 mm in size or larger and distinguished from dilated perivascular spaces by proton density scans. In a further 11 cases, previous brain computed tomography (CT) scan reports were available from the hospital records and these were classified by the presence or absence of brain infarction.
Statistics
The software package SPSS for Windows (version 11.5) was used for statistical analysis. Data are presented as proportion, mean±SD, geometric mean (SD range) or, in the case of variables which did not conform to a normal or log-normal distribution, median (interquartile range).
For independent samples, multiple-sample comparisons of proportions were made with the χ 2 test, for normally distributed variables ANOVA was used, and for nonnormally distributed variables the Kruskal-Wallis H-test was used. Two-sample comparisons of proportions were made using Fisher's exact test, for normally distributed variables Student's t test was used, and for non-normally distributed variables the Mann-Whitney U test was used. Multiple logistic regression analysis using forward conditional modelling (p<0.05 for entry and >0.10 for removal) was performed to determine independent baseline associates of depression. All clinically plausible univariate variables with p<0.20 were considered for entry into the models.
Results
Sample characteristics and prevalence of depression
In comparison with the 302 recruits, the 285 eligible subjects who declined participation were significantly older (77.4±6.3 vs 75.0±4.6 years; p<0.001), had a longer diabetes duration (11.9 [8.6- 2 ). Major depression was present in 45 subjects (21.7%) and ten (4.8%) had minor depression. After excluding 16 subjects with dementia, 39/191 nondemented subjects had major depression (20.4%) and ten had minor depression (5.2%). Depression categories occurred with the same frequencies in women and men (women, 21.2% major depression, 7.1% minor depression; men, 22.2 and 2.8% respectively; p=0.36) and subjects aged 80 years or older had non-significantly higher prevalence rates of both depression subtypes (70-79 years, 20.6% major depression, 3.6% minor depression; 80+ years, 26.2 and 9.5% respectively; p=0.18). Table 1 includes cognitive test results according to depression category. Subjects with major depression, but not those with minor depression, had significantly lower scores on cognitive tests, the strongest statistical effects being with subjective memory complaints, MMSE scores and delayed verbal and visual recall. Similar results were obtained when subjects with dementia were excluded (data not presented).
Cross-sectional associations with depression Table 1 lists univariate clinical associations in the patient sample according to depression categories. There was no association with age, gender, marital status, duration of diabetes, glycaemic control, insulin therapy, BMI, blood pressure, history of hypertension, lipids, history of CHD, prior or current use of antidepressants, or current dementia. Minor depression was significantly associated with PAD and use of a walking aid. Major depression was associated with PAD, history and signs of stroke, recent physical exercise (negatively), low scores on the MBI and use of a walking aid. In multiple logistic regression analysis with depression (both major and minor) as the dependent variable and considering all plausible variables with p<0.20 for entry into the model (age, stroke history, history of hypertension, PAD, cholesterol levels, duration of diabetes, prior antidepressant use, low MBI scores, exercise), significant independent variables associated with depression were PAD (odds ratio 2.27, 95% CI 1.14-4.51; p= 0.020) and physical exercise (protective effect) (odds ratio 0.35, 95% CI 0.17-0.71; p=0.004). Removing functional factors (walking aid, physical exercise, low MBI scores) from the model to explore disease associations alone yielded both stroke history (odds ratio 2.39, 95% CI 1.09-5.23; p=0.030) and PAD (odds ratio 2.21, 95% CI Excluded 40 non-English-speaking subjects e p value denotes significant difference among the three groups 1.11-4.39; p=0.023) as independent variables associated with depression. We carried out the same analysis after excluding the subjects with dementia to test whether the association held in subjects without severe cognitive impairment and achieved very similar results, i.e. disease associations with depression were stroke history (odds ratio 2.54, 95% CI 1.12-5.79; p=0.026) and PAD (odds ratio 2.27, 95% CI 1.11-4.60; p=0.24).
In the subset of patients with neuroimaging data (82 MRI scans, 11 CT scans), nine of 68 non-depressed subjects (13.2%), ten of 23 subjects with major depression (43.5%) and one of two with minor depression (50.0%) had neuroimaging evidence of cerebral infarcts (p=0.003 for major depression, p=0.001 for all depression). The results were similar when only MR scans were considered (data not shown).
Longitudinal predictors of depression
The relationship between baseline variables and subsequent depression (major and minor depression combined) are presented in Table 2 . Significant univariate baseline predictors of subsequent depression were treatment with oral hypoglycaemic agents, higher serum total cholesterol levels, mobility impairment and ADL disability, whereas diet therapy for diabetes was protective (negative predictor). Of note, differences in baseline PAD prevalence approached statistical significance (p=0.06). In multiple logistic regression and considering all plausible variables with p<0.20 for entry into the model (age, diet treatment, treatment with oral agents, systolic blood pressure, cholesterol, PAD, CHD, depression, exercise, mobility impairment, ADL disability), independent longitudinal predictors of depression were diet therapy (odds ratio 0.41, 95% CI 0.19-0.85; p=0.017), cholesterol (increase of 1 mmol/l; odds ratio 1.46, 95% CI 1.04-2.05; p=0.029) and ADL disability (odds ratio 3.63, 95% CI 1.07-12.29; p=0.038).
Cognition in depressed subjects with stroke
The influence of stroke on cognitive test results was explored in depressed subjects (Table 3) . Depressed subjects with a history of stroke had significantly lower scores on delayed visual recall (visual memory) and verbal fluency.
Discussion
We studied a group of older survivors from a wellcategorised, community-based longitudinal cohort study of patients with known diabetes in order to determine whether cerebrovascular disease was a risk factor for depression in older diabetic subjects. The recruitment strategy may have provided an enriched group for both depression and cerebrovascular disease as the sample contained patients with dementia and probably included cases with questionable dementia. The subjects had long-duration diabetes and many had atherosclerotic and microvascular complications, although most remained largely independent and nondisabled. We found that major depression occurred in approximately 20% of cases and minor depression in another 5%. Given that the estimated prevalences of major and minor depression in older age are 1-4 and 4-13% respectively [38, 39] , these estimates are consistent with studies showing high rates of depression in older diabetic subjects [7] . Both longitudinal and cross-sectional data were consistent with the hypothesis that, in a substantial proportion of cases, depression had a cerebrovascular basis. Thus, the high rate of depression in older diabetic subjects may be partially explained by a high rate of vascular depression.
In the longitudinal study, independent baseline predictors of depression were the requirement for pharmacological glucose-lowering therapy, higher cholesterol levels and ADL disability. Each of these factors can be invoked to support a cerebrovascular causation of depression. Firstly, diabetes itself is a powerful independent predictor of stroke [40] . Most diabetic patients in the FDS experienced prolonged periods of hyperglycaemia because therapeutic intensification with glucose-lowering therapies was effected when HbA 1c was well above 7.0% [41] . This would be expected to substantially increase the risk of macrovascular or microvascular complications. In the present study, both longitudinal and cross-sectional analyses convincingly excluded CHD and microvascular disease from the causal pathway for depression, whereas CVD was implicated in the cross-sectional study. Second, there is increasingly strong evidence that elevated cholesterol levels are an independent risk factor for ischaemic stroke [42] . Finally, it is known that disability is a risk factor for depressive disorders [43] and we have demonstrated that both stroke and PAD are important predictors of ADL disability in diabetes [28] .
Serum total cholesterol has been associated with depression and suicide risk, although the literature is difficult to interpret, low levels being associated with depression and suicide risk in some studies and high levels with suicide and non-response to antidepressant treatment in others [44] . It is noteworthy that in the present study baseline serum cholesterol levels were elevated, whereas at the time of depression assessment there was no difference, suggesting a dynamic relationship between dyslipidaemia and depression.
The cross-sectional study provided more direct evidence of a relationship between cerebrovascular disease and depression. Both PAD and stroke history were the strongest independent variables associated with depression and there were univariate associations with ischaemic infarcts in a subsample of patients with available neuroimaging. A link between PAD and depression in a cross-sectional clinicbased study was thought to be due to associated disability [45] . The Atherosclerosis Risk in Communities Study reported a modest association between baseline depressive symptoms and incident PAD [46] . However, CVD and PAD have a common underlying arterial pathology and shared risk factors and epidemiology [47] , and PAD predicts future stroke as well as events in other vascular territories [48] . Thus, whilst the direction of our cross-sectional association between PAD and depression is unknown, the presence of PAD could denote cerebrovascular risk in these patients. We have previously demonstrated in FDS patients that age and cholesterol predict incident PAD [26] , providing an additional potential link between our longitudinal and cross-sectional findings.
In this sample, 16 of 44 subjects with depression at baseline were depressed at follow-up. In addition, few (30.9%) of the depressed patients at follow-up reported ever receiving antidepressants. These data indicate that only a minority had recurrent or persistent depression and suggest that, for most, depression occurred for the first time in older age. Although we have no direct confirmatory data, this is consistent with the vascular depression hypothesis, whereby brain injury acquired through cerebrovascular disease leads to increased vulnerability in later life. In addition, depressed patients with a history of stroke had greater impairments in memory and verbal fluency than those without a history of stroke, consistent with findings in other patient groups classified as having vascular depression [12, 13] .
This study has several important strengths and weaknesses. The study is unique in that the sample was recruited from an elderly, well-categorised, community-based sample of diabetic individuals with long-duration follow-up and that detailed data on a wide range of relevant potential explanatory variables were available. We also had detailed assessments of depression categories and cognitive function. The major weaknesses include the relatively low recruitment rate of available FDS survivors and a likely survivor effect. However, non-recruited survivors were older, many gave poor health as a reason for nonparticipation, and they had a higher mortality rate. Thus, they were likely to have more complications from diabetes, including cerebrovascular disease and depression, and the likely effect would be to weaken potential associations between depression and cerebrovascular disease. A second weakness relates to the recruitment strategy, which was designed to select subjects with cognitive impairment plus a sample of subjects with normal cognition. This probably led to an overestimate of the rate of depression and biased the study towards finding subjects with cerebrovascular disease. Finally, we do not have adequate data relating to depressive illnesses prior to FDS recruitment and the study is likely to have included subjects with both late-onset and recurrent depression. Again, this would be expected to weaken any associations that we found between vascular factors and depression.
The present study provides evidence that depression in older patients with diabetes is related to both vascular risk factors and cerebrovascular disease, and suggests that vascular causes explain the high rate of depression in older diabetic subjects. There are a number of clinical implications. Vascular depression is likely to be preventable by intensive cardiovascular risk factor management, but we have demonstrated that treatment of hypertension, dyslipidaemia and hyperglycaemia in our patients is frequently suboptimal [23, 41] . Major depression in late life is often recurrent and disabling and requires active management, yet is often undiagnosed and undertreated [43] . In the present study fewer than 15% of patients with major depression were taking antidepressant drugs, indicating inadequate treatment of depression.
An integrated, collaborative approach among health-care workers from primary care and diabetes and mental health services has been demonstrated to be more effective in treating older diabetic patients with depression [49] . Future research should consider whether depressive illnesses can be prevented by intensive management of cardiovascular risk factors in these patients. Combining effective cardiovascular risk-factor reduction with depression treatment could lead to a reduction in the recurrence rate of depression and could also reduce the excess risk of disability and death associated with depression [4, 5] . 
